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An exact expression for the temperature profile between two concentric rotating porous cylinders 
haa been obtained. The results are presented graphically. For the wide gap, there is a sharp rise i s  
temperature when the ratio between the angular velocities of the outer and the inner cylinders 
tends to zero. 
Schlichtingf caloulated the velocity aud temperature profites for viscous flow between 
two coaxial non-porous rotating cylinders. Mishra2 studied the velocity distribution of a 
flow between two porous rotating cylinders. Recently Bah13 has studied the stability of 
such flows for narrow gap. The preeent study investigates, in detail, the temperature 
profiles for the viscous fluid contained between two coaxial rotating porous cylinders. It 
is assumed that the rate of suction a t  the wall of one cylinder is equal to the rate of injection 
a t  the other. The study has its practical utility when it becomes necessary to inject coolant 
in the system to counteract heat generated due to viscous foroes present in the flow. 
Let R, and R, be the radii of the inner and outer cylinders, rotating with angular 
velocities 51, and 51, and having temperatures Tl and T2 respectively. The energy equa- 
tion in cylindrical coordinates is given by 
where c, A, p and v are constants and the boundary conditions are 
Following Mishra2, velocity components for the flow are given by 
u = R, TJR1 /r (3) , 
and 
r RIUR, 
where - - R, SE,/Ql = p R2/Rl = K and -= o , Suctional Reynold Number 
Rl - v 
The solution of equation (1) , after substituting the velocity components from (3) and 
(4) and applying the boundary conditions (2), is given by 
2 (K2 - 1) (RoPr-1) e =  (p-1) -- ( E a r ~  -1) 
- 1) P - (Ka - 1) RQPr $. Kc - KaPr 
(1 - Pr) 
t9Bt (TA)2 A? 
I 
+ 2 (KoPr -1) (2 - (2 + Pr) 03 (3 + (TA)2 A:} 
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where I * 
R 252 T2 
'and j?= - T A  = -
a' TI 
For the computation of 8, it is worthwhile to consider thh following particular cases : 
Case I  : o = 0 
In the absence of suction or injection a t  the inner wall R = 1 of the cylinder, that is, 
a = 0, the solution reduces to that of Schlichtingl*. For ready reference it is presented 
herei 
log R 
log K 
CaseII:  Pr = 1 
In the limiting case when Pr = 1, equation (6 )  becomes 
*Bl(TA)' ' 2  { log R - L=) Ka log g { 
+ {(TA)2AP +C)  (K" - 1 )  
Case ZII: a + - 1  
When o - 1, (5) reduces to 
dB1 (T& A? K-Pr (1 -R-l )+ el- K - l - E f i  (1 - K-1) 
+ (g-R - 1) {(TAIa A? + 9) (Pr - 1) 
B12 (TA)2 A 2  1) log R - (KvPy-- 1 )  log K 
- 
- 
(xi&-1) ((*A). A. + u2) iER- , - Pr 
> 
*There is 8. misprint in the expression f@r Ul. For rp one should read r, (see ref. 3, p. 83, line 5th). 
8. KRISHAN & f. RM : Temperature Profile of a E'luid 
Case I V : a -t 2/(Pr - 2) 
When a = 2/(Pr - Z), 
we get 
B12 a2 A,' 
- 
- --
log Rllog K) + KaPr log K - ROPr log R 
2 (K2O+2 - 1) ((TA)2AZ+u2) (1 + 0) 
C O N C L U S I O N  
The non-dimeidonal form of the temperature profile between two coaxial rotating 
porous cylinders is given by the expression ( 5 )  which is a function of the ratio of their tam- 
peratures p radii K, angular velocities p and Prandtl number, Pr Eckert number, E, Taylor 
number, TA, and suction Reynolds number, o. Numerical computation shows that the 
temperature profile does not vary significantly with the changes in E, TA, and Pr. It is also 
not difficult to estimate from the expression (5 )  the change in the temperature profile for 
these three parameters and ,8. But on the other hand temperature profile is very significant- 
ly affected by the change in the parameters K, o and p. Figs. 1, 2 and 3 show the variation 
of 8 with R for fixed values of E, Prr, B and TA, bat difierent values of K, a and p. 
;r 
In  Fig. 1 thevariation of B with R is 
given for K = 1.2,  and for $hree different 
values of p and a. We find that when, 
the cylinders are rotating in the same' 
direction, by blowing in the flow region 
a hot fluid there is increase in the 
temperature profile as compared to the 
case when the outer cylinder is either sta- 
tionary or moving in the opposite direction. 
As expected. reverse is the case when tKe 
coolant is injected into the flow region. 
0. = -5.0- Fig. 2 gives the variation of B with R for 
u 5 0.0- 
s s 45.0 ----- 
K = 1 - 5  . We find that with the increase in 
the gap ratio, the blowing in of the hot fluid 
in the flow re:,ion, shows a marked in- 
crease in the temperature profile when the 
inner cylinder is rotating but the outer 
cylinder is kept fixed. In  other word$ 
blowing in of the hot fluid between the 
I.O( 1 04 1.0: 1.12 1.16 1.m cylinders varies in a disorderly way with p. 
R But the injection of a coolant causes the r decrease in the temperature as p varies from 
Fig. 1-Variation of 0 with R for R,lR, == 1.2. 
- 0 . 5  to + 0.5.  hi effect is pronouncj E 0.8< Pr = 0.9, T,/T, = 2, RZ' JaJv 
= 600 and three different values of and ed when the cylinders are rotat-? 
Fig, %--Variation of 8 with R for R,IR, , 1.5 ,  
E = @ 8 ,  P r = 0 . 8 .  T , / T , = ~ , R ~ ~ Q , , I , ,  
= 801) and three different values of 
and U. 
Fig. 3-Variation of 8 with B for R,LR, = i -8 
E = 0.8,  PP. = 0.9, TdTl - 2, R1a Q,/; 
= 000 and three different values of /I 
and a. 
the same direction. Whereas for p i 0, the temperature profile has a point of idection and 
the fluid temperature in the neighbombwd of the outer cylinder becomes higher than the 
case when a = 0. . - &> 
- 
Fig. 3 shaws the variation of 0 with R for K= 1.8. Again we find that for small vaIues 
of I p I there is a rise in the temperature profile when a hot fluid is blown in the flow region. 
For p = 0 the maximum value of 8 =3-499742: it  cannot be drawn with this scale. But 
this does indicate that for very small values of 1 p 1 there is a sharp rise in the value 
of 8. Whereas for moderate values of I p I there in an increase in the temperature as compared 
to the case when a = 0. The injection of the coolant in the flow region shorn that the tempe- 
rature decreases as p varies from -4.5 to +0.6. This behaviour is similar to that observed 
for K = 1.5. 
A C K N O W L E D G E M E N T S  
We are grateful to Dr. R. R. Aggarwal, Assistant Director, Applied Mathematics . 
Division and Dr. C. D. Ghildyal for their guidance and encouragement during the course 
Of this study. Thanks are also due to the Director, Defence Science Laboratory for 
permission to publish this paper, 
R E F E R E N C E S  
1. SCELIOH~Q,-H., ZAMM, 31 (1961), 78. 
2. MIS-, 8. P.9 Pmc. fitioml Inst., India, 88, Nov. (1963). 
3. B-, 8. K.3 Def. 8ci. J.,  20, April (1970). 
